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IN THE WESTERNUnited States exten-
sive areas of grazing land supporting
native vegetation have never been
plowed or severely overgrazed. These
lands still support a vegetation com-
posed of native species. A great variety
of environmental factors operate over
this expanse. Likewise, great variation
is found in the floristic composition of
these native ranges or pastures.
Only at great effort can man modify
many of the environmental factors
bearing on this highly diverse plant life.
Others may be readily changed and the
vegetation will respond to the new con-
ditions so induced. The degree of for-
age use by livestock is one factor known
to affect floristic composition. It may
be easily controlled by regulating either
the animal number or the grazing
period.
Different types of vegetation will
respond variously to the same degree
of forage removal. Even with a broad
vegetation association-such as the
hortgrass plains-two widely separated
ranges may not respond alike to the
same degree of use. 0 two areas are
apt to have exactly the same environ-
mental conditions or genetic material.
One can't predict composition changes
exactly, but one can apply the results
of grazing experiments to other similar
location, and expect similar general
changes. Both Sarvis (1923) and
Lodge (1954) report a decrease in
needleandthreadgrass (Stipa comata
Trin. and Rupr.) and an increa e in
fringed sage (Artemisia frigida Willd.)
when cattle had heavily grazed "mixed
prairie" for several years. arvis con-
ducted his studie near Mandan, orth
Dakota, and Lodge in southwestern
askatchewan, Dominion of Canada.
Lodge stressed the conclu ion that the
reaction of a pecie to a degre of
utilization varied on different site m
the same pasture.
Managers of the rangelands hould
keep informed of the changes in vege-
tational composition which may be ex-
pected from various degr of grazing
pressure, since these change may affect
future grazing capacity and production
from the land. Al 0, grazier might
well know the relation hip between de-
gree of forage utilization and weight
gains made by their live tock, for the
pound of meat produced will affect
their immediate economy.
In general a review of the literature
shows that floristic compo ition changes
occur in repon e to grazing. The de-
gree of change i related to the degree
of forage utilization (usually over sev-
eral years).
The species involved in the e changes
in compo ition of the vegetation are
variable depending upon the location
of the tudy. Flori tic change induced
by grazing are usually not immediate.
Most of the controlled grazing tudies
report lower animal gains per head and
higher animal gain per acre from
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heavily grazed pastures as compared
with those lightly utilized. The differ.
ences in animal gains with different
degrees of use were much greater with
cattle than with sheep.
Changes in vegetational composition
effected by sheep grazing are different
from those brought about by cattle.
Very few experiments have been con-
ducted on the shortgrass plains where
sheep were used experimentally.
The authors undertook this study to
determine the effect of three degrees of
forage utilization by sheep on the flor-
istic composition of an area of short-
grass plains in southeastern Wyoming.
The criteria studied were (1) changes
in composition of the vegetation and
(2) differences in gains per head and
per acre from differential grazing over
a IO-year period.
Description of the Experimental Area
Location
The experimental range used in this
study is a part of the University of
Wyoming's Archer substation located
near U. S. Highway 30, about 10 miles
east of Cheyenne, Wyoming.
Topography and Soils
The land at this location is gently
rolling; three topographic sites are in
the experimental range. Each pasture
used in this study included some of
each of the sites; these have been desig-
nated as ordinary flat upland, sloping
land, and dry bottomland. Figure 1
hows the experimental pasture arrange-
ment and the approximate area of each
pasture in each of these topographic
site categories.
The soil types" correspond closely
with the topographic sites. The ordi-
nary flat upland and dry bottom sites
were designated as soil type No. 1.
These had only a 1 percent slope. The
sloping-land sites were primarily of soil
types os. 6 and 7; the slope percentage
varied from 3 to 10 percent with the
teeper slopes facing north and the
* ee ppendix C.
gentler slopes facing south. Some very
small areas of soil type No. 3 were
present in the dry bottoms.
Vegetation
The percentage composition of the
vegetation varied with the topograph-
ic sites. On the ordinary upland,
blue gramagrass (Bouteloua gracilis
(H.B.K.) Lag.) was the most common-
ly encountered species. It contributed
most (about 65 percent) of the total
basal cover. At the beginning of the
study, buffalograss (Buchloe dactyloides
(Nutt.) Engelm.) and western wheat-
grass (Agropyron smithii Rybd.) were
sparsely present on this site; each av-
eraged approximately 5 percent of the
total basal cover.
Many other species were present in
minor densities on the ordinary upland.
Most frequently encountered were Sand-
berg bluegrass (Poa secunda Presl),
Junegrass, threadleaf sedge (Carex fui-
folia utt.) fringed sage, false mallow
(Sphaeralcea coccinea ( utt.) Rydb.) ,
prickly pear (Opuntia fragilis ( utt.)
Haw.), and white loco (Astragalus race-
mosus Pursh).
In some years six-week fe cue (Fes-
tuca octoflora Walt.) grew in dense
478 ft. 478 ft. 478 ft.
cocom
Dry Bottom















t Exclosure Scale: I inch = 380 ft.
FIG. I-Scale map of the six experimental pastures showing approximate area
of topographic sites and location of exclosures. Pastures 3 and 4 were lightly
grazed, Pastures 2 and 5 were moderately grazed, and Pastures 1 and 6 were
heavily grazed.
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stands on heavily grazed and protected
areas alike and on all topographic sites.
In other years it was absent entirely
from the experimental range. This
species is a winter annual; its occur-
rence may be correlated with excessive
moisture in the early fall that allows
e tablishing the seedlings well enough
to live through the winter and complete
their life cycle early in the following
summer.
Two annual forbs-plains plantain
(Plantago purshii Roem. & Schult.) and
peppergrass (L e p i dill m apetalum
Willd.)-were present in varying den-
sities on all sites through the period of
study.
The slopes of the experimental pas-
tures had an appearance and composi-
tion much different from the ordinary
uplands. Both north-facing and south-
facing slopes were present in the ex-
perimental pastures. As the vegetational
composition was similar, the slopes were
considered as a single topographic site.
As on the ordinary uplands, blue
gramagrass contributed the greatest
part of the total basal cover, but
needleandthreadgrass and wet ern
wheatgrass together made up a similar
amount. Buffalograss was practically
absent and Sandberg bluegrass was
cornmon on this site. The tall growth
of needleandthread, western wheatgrass,
and bluegrass gave the slopes an en-
tirely different aspect than the ordinary
uplands.
The dry bottomland al 0 had a dis-
tinct floristic compo ition compared
with that of the ordinary upland or of
the slopes. Here western wheatgrass
attained its greatest cover, although
blue grama remained dominant. Buf-
falograss was a small part of the total
basal cover; needleandthreadgras rare.
Precipitation
Records from the Archer Experimen-
tal Substation show a 42-year mean
annual precipitation of 14.76 inches of
whi~h 11.63 inches occurred between
April 1 and September 30. During the
period of study, * the average annual
and seasonal precipitation was 15.54
and 11.77 inches respectively.
In the lO-year study period 14 per-
cent of the total rainfall came in showers
of 0.10 of an inch or less and fell in
a 24-hour period; 43 percent in showers
of from 0.11 to 0.49 inch in 24 hours;
27 percent in storms yielded from 0.50
to 0.99 inch of moisture; and 16 per-
cent of the total fell in torms where
over one inch of moisture was recorded
in 24 hours.
Precipitation averages do not always
accurately portray moisture conditions
for plant growth. Rainfall of 0.10 of
an inch or less did not penetrate to the
root zone and so was of little or no use
to plants. Rains of 2 inches or more
falling within a 24-hour period were
usually so intense that much was not
ab orbed into the soil and consequently
was lost as runoff.
Precipitation had been recorded on
1,367 days during the 10-year period
1945 to 1954. Of these days when
rainfall was recorded 1,005 (73.52 per-
cent) were showers of 0.10 of an inch
or less. On 284 (20.78 percent) days,
showers of between 0.11 and 0.49 inches
were recorded, and on 62 days (4.54
percent) between 0.50 and 0.99 inches
of moisture were received. Precipi-
tation of over 1.00 inch was recorded
on only 16 days in the 10-year period
with 2 of these having an excess of 2
inches of moisture.
*Monthly precipitation data for the lO-year study period are summarized in Appendix A.
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Experimental Procedure
Three pastures of 15 acres each and
three of 10.8 acres each were fenced in
an area of native shortgrass range in
1944. These pastures, which experi-
mental dairy cattle and sheep had pre-
viously grazed as a unit, were as nearly
uniform in topography and vegetation
as possible. Three intensities of for-
age utilization were assigned at random
within each pasture size. All pastures
were grazed alike in 1944. Differential
grazing by ewes and lambs began in the
spring of 1945.
At the start, a 45 x 200 ft. exclo ure
wa located on the south-facing slope
in each Ifi-acre pasture and fenced to
exclude sheep but not rodents or rab-
bits. Fences were removed each
fall to avoid an accumulation of snow
on the exclosure .
Leaf height of blue gramagrass re-
maining at the close of the grazing peri-
od each year was the criterion of heavy,
moderate, and light utilization. The
objective sought was to leave, each year,
an average leaf height of 0.6 of an inch
on the heavily used pastures, 0.9 of an
inch on the moderately used pastures,
and 1.2 inches on those which were
lightly used.
In establishing these degrees of u e,
we expected that over a period of several
years the lightly used pastures would
change in composition to approximate
that of non-grazed areas, that moderate-
ly grazed pastures would show no sub-
stantial change in composition, and that
heavily grazed pastures would show de-
terioration to a less productive type of
vegetation.
Figure 2 shows the general appear-
ance of pastures utilized to these de-
grees. Typical end-of- ea on heights of
individual blue gramagra and we tern
wheatgra plant are shown in Figur
3 and 4. The heights may be compared
with non-grazed individual of these two
pecies shown in Figur 5 and 6.
When a preliminary u e check howed
the approximate tated degrees of utiliza-
tion, the sheep were removed from the
pastures. The actual degr es obtained
were not exactly tho e set up a the ob-
jective, but they did vary in proportion.
Result: a greater leaf height was always
left at the close of the grazing sea on
on the lightly used pa tures than on
those moderately u ed j likewi e greater
height remained on the moderately
grazed pa ture a compared with tho e
heavily utilized.
Pound of vegetation remaining per
acre were calculated from small lipped
plot in each pa ture.
The author al 0 made a vegetation
analy is to determine the ba al cover
and percentage compo ition of the cover
on each topographic site in each pas-
ture. The e analyse were onducted
in fall 1944 and again in fall 1954.
The sheep used in thi experiment
were good-grade Rambouillet range
ewes and lambs from the tation Ilock,
They were selected so that single lambs
of nearly equal age and. weight were
u ed; twin were in equal proportion
so that the ratio of ewes to lambs wa.
about 1.00: 1.25 on each pasture each
year. The usual tocking rate wa five
ewes and their lambs on each lightly
grazed pa ture, 7 ewes and their lamb
on each moderately grazed pasture, and
10 ewes and their lamb on each heavily
grazed pasture.
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All animals were individually weighed
on two consecutive days just before
grazing started and again on the last
two days of the grazing period. Av-
erages of the two consecutive weights
made up the initial and final weights,
respectively. Animals that became sick
or that died during the grazing period
were replaced from the reserve flock
by individuals of similar age/weight.
The experimental animals were wat-
ered at one end of each pasture. Salt
Lightly utilized pasture
Moderately utilized pasture
FIG 2-Vegetation remaining on an ordinary upland site of
three differentially grazed shortgrass pastw·es. Photographed
at close of grazing season, 1954.
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was available near the opposite end at
all times.
The sheep were usually pastured from
the 20th of May to the 10th of eptem-
ber. Thu 1.he average grazing eason
was approximately 3% months.
Lightly utilized pasture
Moderately utilized pasture
Heavily utilized pa ture
FIG. 3-Leaf height of blue gramagrass remaining on three
differentially grazed shortgrass pastures. Photographed at








Heavily utilized pa ture
FIG. 4-Leaf height of western wheatgrass remaining on three
differentially grazed shortgrass pastures. Photographed at close
of grazing season, 1954. Smallest unit on measuring stick =
0.10 inch.
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FIG. 5-Leaf height of a non-grazed blue grama plant howing
approximately 1.3 inches of growth in 1954. Photographed at
close of grazing' season, 1954. Smallest unit on measuring
stick = 0.10 inch.
FIG. 6-Leaf height of a non-grazed western wheatgrass plant
showing approximately 4.8 inches of growth in 1954. Photo-
graphed at. close of grazing season, 1954. mallest unit on
measuring stick = 0.10 inch.
Experimental Results
Utilization average utilization for the Ifl-year period
do ely approached the objective for
each degree of u e, there was consider-
able variation from year to year within
a grazing treatment.
On the average, 1.20 inches of blue
grama wa left on the lightly grazed
pasture, 0.91 inch on the moderately
11
The aim was to graze each of the
pastures until a previou ly determined
average leaf height of blue gramagrass
remained, and then remove the animals
from the pasture. In practice this could
only be approximated. Although the
grazed, and 0.68 inch on the heavy-use
pastures. When the blue grama was
thus utilized, the western wheatgrass
was grazed to a average stubble haight
of 4.59, 3.14, and 1.86 inches, respec-
tively.
Clippings from plots on the ordinary
upland site showed more than twice as
many pounds of forage left per acre on
the lightly used pastures as on those
heavily used. Clipping studies were not
conducted on the slopes or in the dry
bottoms, but it appeared from observa-
tion that the difference between the light
and the heavy utilization treatments
would have been greater on these sites
than was recorded for the ordinary up-
lands.
Vegetational Composition
Four pecies-blue gramagrass, buf-
falograss, western wheatgrass and
needleandthreadgrass - contributed ap-
proximately 95 percent of the total basal
cover both at beginning and close of the
study. These species varied in propor-
tion among the three sites and in their
reaction to grazing pressures as applied
experimentally with the three degrees of
utilization. They reacted differently on
the various sites under the same degree
of utilization, so that one could not
classify a species as an "increa er" or
"decreaser" without specifying the site.
This fact is frequently overlooked in
range studies, particularly by tho e who
designate certain plant as indicator of
overgrazing.
In comparing grazing treatments
alone, regardles of years or ites, blue
gramagrass and huffalograss increased
in percentage of total basal cover with
increasingly close grazing. Needleand-
threadgrass and western wheatgrass de-
creased with increased grazing pressure;
when analyzed statistically" the differ-
ences in treatments (light, moderate, and
heavy forage utilization) were found to
be significant at the .01 level for all
four species.
In comparing years alone, regardless
of treatment or site, huffalograss in-
creased in percentage of total basal
cover in 1954 as compared with 1944,
while blue gramagrass, western wheat-
grass, and needleandthreadgrass each
howed a decrease. Statistically these
differences were significant at the .01
level except for blue gramagrass, where
the decrease in percentage of total basal
cover was significant at the .05 level.
A comparison of sites alone, regard-
less of treatments or years, showed that
both blue gramagrass and buffalograss
attained their greatest percentage of
total basal cover on the ordinary up-
land and were infrequent on the slopes.
Western wheatgrass was most import-
ant in percentage of total basal cover
on the dry hottoms. eedleandthread-
grass was practically confined to the
slopes of the experimental pastures.
Since the four principal grass species
reacted differently to the different de-
gree of utilization as well as the topo-
graphic sites, they are treated separate-
ly. Their rea tions can m re ea ily be
understood by discussing each species
as a unit.
*For detail of statistical analy e ee Table 8, Appendix B.
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Plant Response In Relation to Treatment and Site
Blue gramagrass contributed a great-
er percentage of the total basal cover
than any other single species, both at
beginning and end of the study and on
all sites in the experimental pastures.
Its percentage of the total vegetation
changed because of grazing pressure,
and these changes were different on the
various topographic site. Figure 7
shows that, with increasing grazing
pressure, the average percentage of the
total basal cover in blue grama de-
creased on the ordinary upland site
and increased on the slope and in the
dry bottoms. Based on the e results,
any range-condition cla s determinations
for sheep range in this area must nec-
essarily consider this species both as
an increaser and as a decreaser, de-
pending upon the site involved.
If it were necessary to judge a short-
grass-range condition on a single-specie
ba is, a reasonably accurate condition
class could be determined by determin-
ing the percentage of the total basal
cover contributed by blue grama. Less
than 60 percent contributed by this
species on the ordinary upland and
more than 75 percent on the slopes
would be reasonable proof that the area
had been subj ected to heavy grazing
pressure and that changes in vegetation-
al composition had occurred.
Fortunately, those engaged in range
studies seldom need rely on a single
species to determine whether a range
has been u ed so heavily that a change
in composition has occurred. If one
pecies decreases with heavy use, an-
other specie will increase, and so the
whole picture of changes due to grazing
may be based on the whole vegetation.
Buffalogra increa ed tremendou ly
on the ordinary upland site of heavily
grazed pasture a compared with tho e
lightly used. Thi incr ase in buffalo-
grass was more than enough to offset the
decrca e noted for blue grama on the
same site. Increa ed grazing pre sure
also resulted in an increa ed percentage
of total ba al cover in bufIalograss on
the dry-bottom site. On the lope it
was of such minor occurrence through-
out the period of tudy that no definite
response to grazing can be e tabli h d
(see Figure 8).
The we tern edge of incidence of
bufialogra lies in general ncar the
eastern boundary of the tate of Wyo-
ming. Thi pecie i seldom pre ent
in protected area on any topographic
ite. Its pre ence in a grazed shortgra s
range in ea lern Wyoming gives cause
to uspect that the area ha he n heavily
grazed or that some other di lurbing
factor (such a exce sive trailing) has
effect d composition change. It ab-
sence does not nece arily mean the op-
posite, for buffalogra s does not occur
in many areas of ea tern Wyoming and
con equently could not increa e in uch
areas regard le of land use or grazing
pressure.
We tern wheatgra d creased in per-
centage of total ba al cover a the de-
gree of utilization wa increa ed. This
was true on all ites, Figure 9 hows
that with light utilization (as de ignated
in thi study wheatgra increa ed on
both the ordinary upland and the dry-
bottom sites. With moderate use it de-
creased on the ordinary upland and
remained con tant in the dry bottom.
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of the t tal basal cover on all sites
when heavily utilized.
eedleandthreadgrass made up a sub-
stantial part of the total basal cover
only on the lope site at the beginning
of the study. Apparently it was the
most sensitive (of the four major species
present) to grazing pre sure as it de-
creased seriously on the moderately
grazed pastures. Heavily grazed pas-
tures showed the areatest decrease in
this species, where it decreased from
18.6 percent of the total ba al cover in
1944 to .7 percent in 1954. Lightly
grazed pastures showed a slight increase
during th- same p-ried (see Figure 10).
From these studies of the vegetational
composition before and after 10 years
of fixed degrees of utilization, it can
be seen that moderate forage utilization
(where 0_9 inch leaf height of blue
gramagrass remained at close of each
grazing season) was not the "moderate"
utilization expected at the beginning of
the study. At that time it was thought
that moderate use would maintain the
vegetation with little change in com-
position over a long period of time.
However, this result was not obtained;
the slope site in particular was changed
from a predominantly midgrass type
(needleandthreadgrass / western wheat-
grass) to one where the maj or part of
the basal cover was composed of the
shortgrass blue gramagrass.
The sensitivity to grazing pressure
which wa exhibited by needleand-
thread grass in this tudy confirms for
southeastern Wyoming what arvis
(1923), Lodge (1954), and others
found in other parts of the Great Plains.
This attribute of needleandthreadgrass
is valuable to recognize, for a severe
decrease in such an easily recognized
species will alert the range manager or
ranchman to some maladjustment in
management-perhaps in time that cor-
rective measures may prevent cornposi-
tion changes to a les productive type
of vegetation.
Comparison of Exclosures with Grazed Pastures
A 45 x 200 ft. exclosure was estab-
lished in 1944 on the south-facing slope
of each of the IS-acre pastures. It is
unfortunate that none wa establi hed
on the other sites, for no comparison
can be made between non-use and the
established experimental degrees of use
except for the slope ite,
When the study was begun, it was not
known if the past use had changed the
vegetation from the so-called "climatic
climax". The composition of the vege-
tation within the exclo ures was about
the ame as that of the pastures when
both were fenced in 1944. Changes
III compo ition due to complete pro-
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tection from livestock may be noted by
comparing the exclosures with lightly
grazed pa tures, which showed only
small changes over the 10-year period.
Figure 11 shows that, on the slope site,
blue gramagrass and needleandthread-
grass decreased in percentage of total
ba al cover while western wheatgrass
increased as a result of 10 years of pro-
tection. Buffalograss contributed only
a small percentage of the total basal
cover on this site and remained about
constant throughout the period of study.
A study of the four major grass
species does not give the complete pic-
ture of the effects of the 10 years of
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protection. Forbs (both perennial and
annual) were present only in minor
densities on any of the pastures, but on
the exclosures after 10 years of protec-
tion they averaged nearly 25 percent of
the total basal cover. Cheatgrass (Bro·
mus teetorum L.) was frequent in the
exclosures while entirely absent from
the adjoining grazed are? A mall
amount of rodent disturbance was evi-
dent in all of the exclosures, but neither
the forbs 110r the cheatgra s were con-
fined to these disturbed areas.
Little change in vegetational com-
position occurred over the Ifl-year
period on the slopes of the lightly grazed
pastures, while large changes toward a
shortgrass type of vegetation occurred
on those moderately and heavily grazed.
Meanwhile the exclosures progre ed
toward a midgra type of veg tation.
Hence it must be concluded that hangcs
in composition due to grazing had oc-
curred before the tudy was tarted and
that the degree of u e de ignated as
"light" in thi study wa enough to per-
petuate the v getational compo ition a
it wa in 1944. Craainz thi type of
rang to an av rage leaf h ight or 0.9
inch r Ie on the blue gramagrass has
caused change in cornpo ition toward
a less produ tive hortgra range typ
on the lope it .
Grass Production as Affected by Different
Utilization
The experimenters thought it desir-
able to know what effect a change in
vegetational composition and possible
weakened vitality associated with exces-
sive forage use might have on weight of
forage produced. Six small exclosures
were established at random on the ordi-
nary upland site of each pasture. The
exclosures were kept in a location for
only one growing s a on. The vegeta-
tion was clipped before growth started
in the spring to eliminate all old growth
and to be able to mea ure the effect of
the past use on the current season's pro·
duction.
Table 1 shows the pounds of grass
produced per acre after four years and
after nine years of differential forage
utilization. There was no appreciable
difference in production after four years
of the different degrees of forage utiliza-
tion but after nine years the heavily
utilized pastures produced considerably
Ie s total grass than tho e lightly or
moderately u ed.
The amount of forage produced in
1954 was considerably Ie s from all
treatments than the production in 1949.
This was particularly true of the mid-
grasses and must be attributed to ea-
on rather than treatment. Drouthy
conditions in March, April, and May
of 1954, when these pecies would nor-
mally make their greate t growth, Iol-
lowed by favorable moi ture conditions
during the warm month of June and
July, would cause low production from
the midgras es, which grow be t in cool
weather, and high production from the
hortgras es, which require warm sum-













Effect of Degrees of Utilization on Animal Gains
In order to obtain the desired de-
grees of forage utilization on the ex-
perimental pastures, we used fewer ani-
mals on the lightly grazed pastures and
more animals on the heavily grazed pas-
tures than on the moderately grazed
units. Yearly variation in forage pro-
duction could not be anticipated accur-
ately at the beginning of any grazing
season. Hence it was necessary to graze
the pastures for a longer period in
years of high forage production than in
years of low production.
Table 2 summarizes the grazing
capacities u d during the lO-year peri-
od. To utilize the blue gramagra s to
an average leaf height of 1.2 inche on
the lightly "razed unit, an average of
30.90 sheep days per acre was nee-
ary. Moderately u ed pa tur were
grazed at the average of 50.70 sheep
days per acre, and heavily grazed pas-
tures were u ed at 74.00 heep day per
acre. A sheep day wa con idered as
one ewe and her lamb or lamb for one
day.
The gain per head on lambs were
consistently greater from the light and
TABLE 2-Ten-year Summary of Grazing Capacitie Used to
Obtain Light, Moderate, and Heavy Degrees of
Forage Utilization
Sheep days' of grazing per acre
Lightly Moderately Heavily Average
Year utilized utilized utilized from aU
pastures pastures pastures pastures
1945 35 61 97 64.33
1946 23 47 61 43.67
1947 40 70 99 69.67
1948 29 50 70 49.67
1949 36 58 78 57.33
1950 25 41 55 40.33
1951 27 45 65 45.67
1952 40 59 85 61.33
1953 29 41 70 46.67
1954 25 35 60 40.00
Average 30.90 50.70 74.00
1A heep day=one ewe and her lamb or lambs for one day.
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TABLE 3-Effect of Three Grazing Intensities of Shortgrass
Range on the Pounds of Gain per Lamb over a lO-year Period
Pounds of gain per lamb
Lightly Moderately Heavily Average
Year utilized utilized utilized from aU
pastures pastures pastures pastures
1945 52.2 53.1 48.3 51.20
1946 50.4 49.7 45.1 48.40
1947 54.7 58.0 54.8 55.83
1948 51.7 46.1 45.7 47.83
1949 44.9 44.8 46.1 45.25
1950 52.6 45.8 43.8 47.40
1951 48.7 47.4 42.8 46.30
1952 53.8 51.1 45.0 49.80
1953 49.9 52.4 49.6 5Q.63
1954 46.8 45.4 41.3 44.50
Treatment
means' 50.52 49.38 46.25
L.S.D., .05 Level 3.67
1. .D., .01 Level 5.02
'L.S.D. between treatment means at the .05 level e- z.Ol.
1. .D. between treatment means at the .01 level=2.75.
moderately used pastures than from
those heavily used. When analyzed
statistically, the difference between
gains per head from lightly and mod-
erately u ed pastures as compared with
the gains from heavily used pastures was
significant at the .01 level. [o signifi-
cant differences existed in this respect
between lightly and moderately used
pastures. ee Table 3.
Greater differences between treatments
(degrees of utilization) existed in re-
gard to gain per ewe than were evi-
dent in gains per lamb. tatistically,
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the ewes on the lightly grazed pastures
gained significantly more (at the .05
level) than those of the heavily grazed,
but there was no significant difference
between the gains per ewe on lightly
and moderately or between moderately
and heavily grazed pastures (Table 4).
From an economic point of view, the
animal gains per head should not be
the only criterion of proper range use,
as a large gain per head may be at-
tained at a loss to the producer. For
this reason, gains per acre from the
different grazing treatments were cal-
TABLE 4-Effed of Three Grazing Intensities of hortgra s
Range on the Pounds of Gain per Ewe over a lO-year Period
Pounds of gain per ewe
Lightly Moderately Heavily veragc
Year utilized utilized utilized from all
pastures pastures pastures pa lures
1945 27.4 33.5 22.8 27.90
1946 30.4 22.4 20.1 24.30
1947 31.4 33.2 13.4 26.00
1948 26.3 19.6 16.4 20.76
1949 24.9 23.0 17.2 21.70
1950 43.6 34.2 28.5 35.43
1951 22.4 17.2 11.2 16.93
1952 3.9 9.6 4.7 6.07
1953 40.8 16.7 23.5 27.00
1954 18.2 20.0 4.9 14.37
Treatment
means" 26.93 22.94 16.27
L.S.D., .05 Level 9.06
L. .D., .01 Level 12.41
'L. .D. between treatment means at the .05 level=4.96.
L.S.D. between treatment means at the .01 level=6.79.
culated and are presented in Tables 5
and 6. Lamb gains per acre (Table 5)
were significantly greater from mod-
erately used pastures than from those
lightly used. Heavily used pastures
produced significantly more pounds of
lamb per acre than the moderately used
units. These differences were signifi-
cant at the .01 level.
Differences in gains per acre made
by ewes on the three grazing treatments
were found to be statistically different
at the .05 level when comparing the
lightly with the moderately or heavily
grazed pastures. There was no signifi-
cant difference between the latter two
treatments (Table 6) .
It should be inferred from this dis-
cussion that maximum gains per acre
are the only criterion in determining
how closely to utilize the forage of our
native ranges. If large gains per acre
are attained at the expense of deterior-
ating range, they may be uneconomic
when considered over a long period of
time.
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Knowledge of plant and animal re-
sponses to degrees of forage use is an
essential actor in attaining good range
management. This knowledge must be
gathered for all major types of vege-
tation. For example, it would be un-
wise to apply the results of this study
to desert range or to mountain meadows,
where the species and their reactions to
use may be entirely different than those
found here.
The principal objective of the ranch-
man and range manager alike should
be to utilize the forage of any range so
that maximum animal gains per acre
con istent with sustained high produc-
tion and quality range vegetation are
attained.
TABLE 5-Effect of Three Grazing Intensities of Shortgrass
Range on Pounds of Gain per Acre from Lambs
over a to-year Period
Pounds of gain per acre from lambs
Lightly Moderately Heavily Average
Year utilized utilized utilized from all
pastures pastures pastures pastures
1945 20.3 35.0 42.2 32.50
1946 15.6 23.1 29.7 22.80
1947 14.8 31.5 40.4 28.90
1948 16.2 25.0 35.4 25.53
1949 19.2 29.5 44.7 31.13
1950 16.3 23.1 28.9 22.77
1951 17.0 27.6 31.5 25.37
1952 16.7 27.7 34.9 26.43
1953 15.5 26.4 38.5 26.80
1954 14.5 22.9 32.0 23.13
Treatment
means" 16.61 27.18 35.82
L. .D., .05 Level 4.56
L.5.D., .01 Level 6.25
1L.5.D. between treatment means at the .05 level= 2.50.
L. .D. between treatment mean at the .01 level= 3.42.
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TABLE 6-Effect of Three Grazing Intensities of Short grass
Range on Pounds of Gain per Acre from Ewe
over a Ill-year Period
Pounds of gain per acre from ew s
Lightly Moderately Heavily Average
Year utilized utilized utilized from all
pastures pastures pastures pastures
1945 8.5 16.9 16.9 14,.10
1946 9.4 1Q.4 13.2 11.00
1947 8.5 15.4 8.8 10.90
1948 7.1 9.1 10.2 8.80
1949 9.7 14.3 14.7 12.90
1950 11.8 14.6 16.6 14.37
1951 5.8 8.0 6.5 6.77
1952 Ll 4.1 2.9 2.70
1953 ILl 6.5 15.5 11.03
1954 4.9 7.8 3.3 5.33
Treatment
means" 7.79 10.71 10.87
L.S.D., .05 Level 4.37
1. .D., .01 Level 5.95
'1. .D. between treatment means at the .05 level = 2.38.
1. .D. between treatment means at the .01 leveJ=3.26.
Summary and Conclusions
A grazing study of 10 years' dura-
tion (1945-54) was conducted on native
shortgrass range land in southeastern
Wyoming.
The principal objectives were to de-
termine the effect of three degrees of
forage utilization on the botanical com-
position of the vegetation and the
pounds of gain per head and per acre
on the sheep used in the experiment.
Two pastures for each degree of use
were fenced in 1944, and differential
grazing with grade Rambouillet ewes
and lambs was started in the spring of
194-5. The criteria for the range
treatments (degree of utilization) were
average leaf heights of blue gramagrass
at end of the grazing period each year.
1.2 inches wa left on the lightly utilized
pa tures, 0.9 of an inch on the model"
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ately utilized pastures, and 0.6 of an
inch on the heavily utilized pastures.
Three topographic sites .were recog-
nized within the experimental pastures.
They were designated as (1) ordinary
uplands, (2) slopes, and (3) dry bot-
tomlands.
Vegetational composition studies were
made on each site in each pasture be-
fore and after the 10 years of difleren-
tial use. It was found that approximate-
ly 95 percent of the total basal cover
was contributed by the four grass spe-
cie: blue gramagrass, buffalograss,
western wheatgrass, and needleand-
threadgrass. Blue gramagrass contri-
buted the greatest percentage of the
total basal cover on all sites both at the
beginning and end of the Ifl-year
period. Buffalograss made up a small
percentage of the total basal cover at
the beginning of the study but was
common on the ordinary upland site
of the moderately and heavily grazed
pastures at the clo e of the study.
Western wheatgrass was present on all
ite but most abundant on the slopes
and in the dry bottoms, and needleand-
threadgrass was abundant on the slope
ites, sparse in the dry bottoms, and
not found on the ordinary uplands at
the beginning of the study.
The four major grass species reo
ponded differently to grazing pressure.
Blue gramagrass decreased on the ordi-
nary upland site but increased on the
lope site under heavy grazing. Buf-
falograss increased on the ordinary up'
land and dry bottom sites of the heavily
utilized pastures but remained about
con tant on the slope site. Western
wheatgrass responded to grazing pres-
sure by decreasing on all sites. Needle-
andthreadgrass, which was abundant
only on the slope site, was practically
eliminated by 10 years of heavy use.
Leaving an average leaf height of 1.2
inches on blue gramagrass at end of
each grazing season (light utilization)
resulted in minor changes in vegeta-
tional composition. Utilizing the range
to an average of 0.68 inch leaf height
remaining on this species at end of
the grazing period (heavy utilization)
resulted in drastic changes in vegeta-
tional composition after 10 years.
Ten years of protection from grazing
resulted in a decrease of percentage
composition contributed by blue grama·
grass and needleandthreadgrass and an
increase in western wheatgras on the
slope site. Forbs in the exclosures in-
creased to approximately 25 percent of
the total basal cover at close of this
study. They were never abundant in
the grazed areas during the 10 years of
study.
Both ewes and lambs gained more
per animal on the lightly grazed pas-
tures than on those heavily utilized. The
differences were small but statistically
significant.
When animal gain were calculated
on a per-acre basis, lambs produced
significantly more pounds of gain from
the pasture which were heavily utilized
than from those which were moderately
or lightly used. Ewes produced more
pounds of gain per acre from moder-
ately and heavily used pastures than
from those lightly utilized, but there
were no significant differences between
the moderately and heavily used pas-
tures in this respect.
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Appendix C
Description of the Surface Horizons of Certain Type of
Soil Prevalent on the Experimental Pastur
SOIL NO.1
Soil Profile: Description
AN 0-1" Grayish brown (lOYR 4/1.5, dry) to dark grayi h-brown (lOYR
3/1.5, moist) soft, friable, very fine sandy loam of weak fine-crumb
structure; many fine roots; pH about 6.5. harp break to next
horizon.
Al-. 1-6" Grayish-brown (lOYR 4.5/2. dry) to dark gra yi h-hrown (10 R
3.5/2, moist) friable very fine sandy loam of medium to fine-crumb
structure; contain up to 5% gravel; matted with root; pH about
6.5. Sharp break to next horizon.
82-1 6-10" Brown (7.5YR 4.5/2, dry; 4/2 moist) light andy clay loam v ith
moderately developed pri matic macro-structure and trongly de-
veloped medium-granular mico-structure ; contain up to 5% gravel;
plastic when wet, lightly plastic when moi t, and hard when dry;
many roots, especially between structure aggregates. pH 7.0.
8.-2 10-18" Brown (7.5YR 4.5/2, dry; 4/2, moist) andy clay loam with trong
prismatic-nuciform structure; contain cattered pebble. PIa tic
when wet, slightly plastic when moi t, hard when dry; many gras
roots follow cleavage plane between aggregate, pecially vertical-
Iy ; pH 7.5.
SOIL NO.3
Soil Profile: Description
0-1" Very dark grayish-brown (lOYR 3/2) moi t, to dark grayish-brown
(lOYR 4/2) dry, very weak crumb-structured, very fine sandy loam
or possibly loam. This material i recent du t that has collected
at the ba e of the grass terns.
Dark-brown (lOYR 3/3) moi t, to brown (lOYR 5/3) dry, fine
sandy loam with weak-crumb structure. In local area , the oil may
have a loam texture, but for the most part, it i fine andy loam.
1-12"
12-20" Black (lOYR 2/1) moist, to very dark-gray (lOYR 3/1) dry, fine-
prismatic silty clay loam breaking into sharp block about one-half
inch in diameter. This is the original urfa e oil of a oil that has
n w been buried to a depth of about a foot. The thickne of this
horizon varie widely from place to place and in areas mapped a of





0-2" Dark grayish-brown to brown fine sandy loam of a weak-crumb
structure. This is the At horizon of the soil and is darkest in the
upper part amongst the fine grass roots at the surface.
2-5" Brown CIOYR 4/3) moist, to pale-brown (lOYR 6/3) dry, fine
sandy loam of weak crumb structure and a tendency to prismatic





Strongly calcareous sandy loam of a color ranging from moist to
dry of yellowish-brown (IOYR 5/4) moist, to very pale-brown
(IOYR 7/4) dry. This horizon is developing in the horizon of lime
accumulation of the old soil referred to in connection with the dis-
cussion of the eries. At this place there is very little eolian mate-
rial overlying this ancient truncated soil.
Grayish-brown (lOYR 5/2) moist, to very pale-brown (IOYR 7/2)
dry, very strongly calcareous and weakly cemented sandy loam. This
is the horizon of maximum lime accumulation and it is related to
the ancient soil. It breaks into medium-sized irregular blocks.
trong-brown (6YR 5/6) moist, to very slightly lighter color dry,
gravelly sandy loam with broad streaks of white lime accumulation
related to the ancient soil. About 60 percent of the mass is gravel
and rounded stones. The stones are strongly weathered in the upper
part except for the quartzites, which remain hard.
SOIL NO.6
This soil i essentially an exposure of calcareous gravelly deposits like those
at the base of oil o. 1 and like the lower horizons of Soil o. 7. In a few
place there are spots where there is no lime at the surface, but erosion has been
sufficiently recent on this soil so that the limy material is exposed.
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